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Characteristics of Types
of Hypersensitivity
By Arnold R. Rich.
. ·····-··
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1.

PREFACE
The idea for this paper came into being during
the middle of my Junior Year in the College of Medicine.
The lectures of Dr. J. F. Allen and his reference upon
several occasions to the so-called allergy of tuberculosis excited my interest.

Many questions come to mind:

What was the

nature of this allergy and could it be distinguished
from other forms of hypersensitivity?
allergy seen clinically?
gave rise to it?

How was this

What was the mechanism which

How did the presence of this so-called

hypersensitivity affect the course of the diRease?

What,

if any, was the practical value of the knowledge of the
existance of an allergy in tuberculosis?
This paper is an attempt to answer some of
these questions.
to all of them.

Satisfactory answers cannot be found
Theories, as to the probable answer,

can be advanced for most of those unanswered, and by
such theories the knowledge of disease and disease processes is advanced.

April 1945
Omaha, Nebraska.

R. F. R.

2.

THE TYPES OF HYPERSENSITIVITY
The search for material for this paper brought
to my attention the many different ways in which hypersensitivity could be defined, and the term allergy has
so many interpretations tm.t it has no meaning whatsoever.
Since this paper is to deal with hypersensitivity, this
term must have a definite meaning.
Hypersensitivity is defined in Dorlan 1 s Medical Dictionary as having the ability, specific or general, to react with characteristic symptoms to the application of or contact with certain substances, allergens,
in amounts innocuous to normal animals.

In a shortened

form, hypersensitivity is a state of altered activity.
In this definition the term allergen has been used; this
is defined as any substance capable of producing or inducing hypersensitivity _w hich is specific for that substance.

For purposes of clarity in this paper, allergy

and hypersensitivity will be considered to have the same
meaning and, therefore, may be used interchangeably
throughout the text.
There are various types of hypersensitivity,
each of which can be placed in one of four main types:
(1) anaphylactic type, (2) arthus type, (3) pollen type,
and (4) the bacterial or tuberculin type.

Each of the

types is a separate and distinct entity and may be
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differentiated on the basis of; (1) the method of production of the hypersensitivity, (2) the nature of the
sensitizing agent, and (3) the nature of the reaction
obtained.

(Rich 194-4).
The anaphylactic type of hypersensitivity is

that body state ensuing after the injection of a foreign
protein.

If a small amount of the same protein is intro-

duced to that body after a period of time, it will produce a generalized edema, uticaria and sudden collapse
or even death.

There is an antibody, a specific sub-

stance produced by and in an animal as a reaction to the
presence of an antigen, found in the blood which can be
transferred to another animal creating a specific sensitization to the allergin in that animal.
The arthu~ type of reaction is produced by
the repeated injection of small doses of foreign protein
into an animal at intervals of several days.

An inter-

cutaneous injection of the same foreign protein then
brings about a greatly intensified reaction with erythema, edema and necrosis at the site of injection.
This is a manifestation of a higher degree of anaphylactic sensitivity.

This form is differentiated by the

nature of the reaction obtained.

The mode of production
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and the sensitizing agent are the same as those of the
anaphylactio type.
The pollen type of sensitivity is that associated with the conditions known as asthma, hayfever and
eczema.

This type of sensitivity is produced in the

same manner as that of the anaphylactic state or the
arthus phenomenon, but is differentiated from these
forms by two main findings:

(1).

There is no precipitin

demonstrable in the blood stream of the animal so sensitized.

(2).

There is a tendency for the hypersen-

sitivity of the individual tissues to be influenced by
heredity.

(Rich 1944).
There are authors who believe that the anaphy-

lactic state, the arthus phenomenon and the pollen type
of hypersensitivity are members of the same group.

They

consider the arthus and pollen types of hypersensitivity
to be variations of the anaphylactic type.

Among those

holding to this classification are Alexander, Becke and
Holmes, (1926), who performed experiments upon the guinea
pig in which the animal was sensitized to a protein such
as egg albumin and then subjected to an atmosphere
charged with this protein.

Typical cases of asthma were

produced in the guinea pigs used, and the autopsy find-
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ings were those found in asthmatic animals.

These ex-

periments were later repeated by Kallos and Pagel, (1937),
and their results confirmed the previous findings.
Rich, however, maintains that these three forms are
separate phenomenon, even though they may appear to be
clinically alike.
characteristics:

He bases his differentiation on four
(1). The mode of entry of the sensitiz-

ing antigen; (2). The amount of ant i gen required; (3).
The degree to which the eensitizable tissues become sensitive in different individuals or species; and (4).
The character of the sensitizing antigen.
In contrast to the other forms of hypersensitivity, the tuberculin or bacterial type of reaction is
that resulting from the infection of the animal with
dead or living bacteria, or the soluble proteins
of those bacteria.

The type of reaction produced by the

injection of bacterial protein in a body sensitized by
the tubercle bacillus is designated. as the tuberculin
type.

Other bacteria produce the same type of response

in the body of the infected animal. (Rich 1944).
There are nine points, stated by Rich, which
differentiate the tuberculin type of hypersensitivity
from the other forms previously discussed.

These points
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are based upon the fundamental factors used to differentiate the other forms of sensitivity.
The characteristics of tuberculin hypersensitivity are:
(1). The tuberculin type of reaction is a d.elayed response, apoearing only after some hours
and becoming maximal in twenty-four to fortyeight hours.
(2). The local reaction to tuberculoorotein is
characterized by an indurated, erythematous
swelling of the site of injection with the
possibility of necrosis and slough in cases
of extreme reactions.

(3). Systemic reactions to tuberculin, when
seen, are delayed.

The patient is profoundly

111 and may die, but no reaction is seen for

eighteen to twenty-four hours after the injection of tuberculin.
(4-). There is a so-called

11

Focal Reaction",

inflammation at the site of infection by the
specific organism, which occurs with the injection of sufficient antigen.

(5). The tuberculin type of hypersensitivity
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cannot be transferred to the normal animal,
except in certain rare cases.

(6). The cells of the body having a tuberculin hypersensitivity are killed by contact
1

1n vitro' with the specific antigen.

(7). The tuberculin type of sensitivity must
be established by the parenteral contact
·1th the living or dead bacillus or filterable virus before any skin reaction may be
shown.
(S). The body with the tuberculin type of
reaction shows this phenomenon in response
to either the injection of the soluble protein or to the dead or living bacteria.

( 9). Both the ana,phylactic and the tuberculin types of reaction may exist in the same
body, but the anaphylactic type does not
inhibit the tuberculin type of reaction.
(Rich, 194-4).
The accompanying table illustrates the differences in the four types of hypersensitivity discussed.
The table also brings out the points of similarity which
have led

to the discussion of the method of classifica-

tion of the forms of hypersensitivity.
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THE CLINICAL CHARACTERISTICS
Tuberculin hypersensitivity is shown by the
body in three separate clinical entities.

These are

the tuberculin skin reaction, the focal reaction and
and the systemic reaction.

These entities may occur

singly or in various combinations.

The skin reaction,

however, must always be present before other reactions
can take place.
Clinically the positive skin reaction 1s a
macroscopic manifestation characterized by erythema,
edema, and in severe reactions, necrosis of the site
of the contact with either old tuberculin or purified
protein derivative.

The reaction is maximal twenty-

four to forty-eight hours after the application of the
antigen, (Kolmer

&

Tuft, 1941).

A positive skin re-

action is an indication of the sensitivity of the body
to tuberculo-protein.
There are many methods of conducting the test.
Koch devised the injection of emulsified dead bacteria,
but this has been abandoned because of the severity of
the reactions which occurred.

Von Pirquet•s method

consists of the deposition of old tuberculin preparations in a puncture wound ma.de in the skin by means of
a bore devised for this purpose.

The Von Pirquet method
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has fallen into disuse because of the necessity . of the
special instrument and the discomfort of the patient
during its application.

The~e are, at the present time,

two tests in common use.

These are the Mantoux test

and the Volman natch test.

The Mantoux test consists

of the injection of old tuberculin or purified protein
derivatives in proper dilutions intercutaneously; a
dilution of 1:10,000 is used initially and increased if
the first test is negative.

The Volman patch test is

applied by placine a piece of filter paper soaked in
purified protein derivative or old tuberculin on a
cleansed skin area.

All of the tests described are read

in forty-eight hours and positives determined on the
basis ·of the erythema, edema and necrosis shown.

The

accuracy of these different methods is essentially the
same. (Kolmer and Tuft, 1941).
Fluctuations in the strength of reaction are
seen in the results of this test upon individuals.
variation is based on two factors:

This

(1), The general

physiologic state of the individual tested, and (2), The
peripheral vascular changes which are also seen in response to the nonspecific skin irritants.

True fluctua-

tion may be shown by the body and is usually based on
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the desensitization of the individual.

Such fluctuation

is seen wherever the disease is waning or there has been
a prolonged infection. (Rich, 1944).
.The perifocal reaction is a clinical entity
frequently seen in tuberculous patients.

It consists

of hyperemia, hemorrhage, and necrosis at the site of
a tuberculous lesion when that lesion is subjected to
an increased concentration of tuberculoprotein.

The

focal reaction cannot occur in the absence of a hypersensitivity to tuberculoprotein.

Perifocal reactions

are seen in cases of reinfection where a primary lesion
has already sensitized the individual.

The subcutaneous

injection of tuberculoprotein in the form of old tuberculin or the purified protein derivative will also produce this phenomenon. Such an injection results in a
positive skin test as well as instigating the focal reaction, (Rich, 1944).

The mechanism of this reaction

will be taken up in the next section of this paper •
Koch was of the opinion that the perifocal
reaction might be of therapeutic value, but after obtaining several serious reactions which resulted in the
acceleration of the disease process he gave up the idea.
(Steinboch, 1935).
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Probably the most dangerous reaction fro~ the
patient's standpoint is the systemic reaction of the
hypersensitive individual.

As are all tuberculin type

reactions, this systemic manifestation of hypersensitivity is delayed in nature.

The animal has marked symp-

toms which include fever and malaise, and are complicated
in severe reactions by headache, joint pains, backache,
anorexia and prostration.

Death may result if the ani-

mal is extremely sensitive to the tuberculoproteins.
The symptoms show a delay in appearance and are usually
complete by the end of eighteen to thirty-six hours.
The length of time varies directly with the severity of
the symptoms.

(Rich, 1944).

There are many ways to produce a systemic reaction.

The usual method of experimentors is the in-

jection subcutaneously of a sufficiently large amount of
tuberculoprotein.

Clinically the systemic reaction may

be produced by the absorption of tuberculoprotein from
the pre-existing tuberculous lesions.

This phenomenon

may be the cause of the symptoms which are characteristic
of the disease itself, (Rich, 1944).

If this theory is

correct, then it is possible to assume that systemic
reactions are constantly occurring in tuberculous patients
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and the fever and malaise seen in the patient are the
result of this recurrent reaction.
Systemic reactions have been known to occur
when there was no demonstrable lesion shown by the
patient.

Rich, (194-4), observed such a phenomenon in

two of his laboratory assistants who were hypersensitive
to tuberculoprotein, but had no demonstrable lesion.
This observation indicates that systemic and focal reactions are not interdependent, but that the animal must
be sensitive to tuberculoprotein before any reaction
whatsoever will occur in response to this antigen.

14.

MECHANISM
The tubercle bacillus, living or dead, is the
only sensitizing agent in the production of the tuberculin type of hypersensitivity.

This seems to be a very

positive statement, but this fact has been proven by
Krause (1926), Levene (1904), Rich (1944), and others.
If such is the case, we must then consider the tubercle
bacillus and its fraction to determine the fractions or
fraction responsible for the alteration in the reactivity
of the animal infected with the tubercle bacilli.
The bacteriologists, Jordon and Burrows (1942),
describe the tubercle bacillus as a slender rod-shaped
organism 2 to 4 microns in length and 0.3 to 1.5 microns
in width.

They occur singly, but are more often found

in groups or clumps.

The bacilli are occasionally found

in compact masses in which the individual b~cillus cannot be distinguished.

The tubercle bacillus cannot be

stained by ordinary methods.

It will respond, however,

to steaming carbol fuchsin, the Ziel Neelsen method.
Broth cultures show the characteristic wrinkled skin
type of thick surface growth which tends to spread up
the side of the flask.

When the bacteria are grown on

semisolid media, the growth is dry and granular, having
a nodular heaped-up appearance.

On media containing
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serum the colonies have a pale yellow or orange-yellow
color, while in the absence of serum the growth has a
creamy or white color.
The chemical fractions of the tubercle bacillus
are derived from lipids,

proteins and carbohydrates.

Weyl was the first to attempt a study of these fractions
and their relationship to the phenomenon of hypersensitivity as seen in tuberculosis·.

Auclair and Paris,

(1907), demonstrated the ability of the impure lipid
fractions of the tubercle bacillus to stimulate the production of tubercles in the body.

Lat er Anderson,(1927),

Doan and Sabin, (1930), isolated the pure phosphatide
fraction from the ground tubercle bacilli, and Levene,
(1904), Bouquest and Negre, (1921), Much and Deycke,
(1909), Pinner, (192S), and others used the phosphatide
experimentally, showing that the lipids had only very
limited powers of producing reactions and that the only
complete antigen was the phosphatide A3 of Levene and
this had only limited oowers.

Doan and Moore, (1931),

studied tissue pathology and discovered that the higher
the phosphatide precipitin in the blood serum the less
the tubercle formation, and also that the opposite was
true.

In their work they used the Alexin fixation test
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to determine the presence of the precipitin.

They con-

cluded from these studies that the presence of antibodies
for the phospholipid fraction signified an ability in
part to prevent the effect of phospholipid on the body.
Other lipid fractions were studied, such as phthioic
acid, (Anderson 1929-30), and unsoaponified wax, (Sabin

1932).

The experiments were again inconclusive; although

tubercle formation occurred, no hypersensitivity of the
tuberculin type could be demonstrated.
The polysaccarides were studied by Anderson,

(1932), and Heidelberger and Menzel, (1932), who concluded that these had little or no antigenic properties
except when they were combined with the protein fractions of the tubercle bacillus.
With the evidence against the lipid and carbohydrate fractions, attention turned to the protein elements found in the tubercle bacillus.

F. R. Miller,

(1931), noted that the injection of the protein fractions
called forth the plasma cells and caused their migration
to the site of injection.

Dienes and Freund, (1929),

discovered that the proteins were the active element in
the production of hypersensitivity, and that the more
complex the protein, the higher or greater were its
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antigenic powers.

The complex proteins are the only

known antigenic substance in tuberculin hypersensitivity.
The series of experiments reuorted seem to indicate that,
even though one may produce tubercles without creating
a sensitivity, one cannot produce allergy without proteins and a subsequent tubercle formation will occur,
(Tytler 1930).

The tuberculin hypersensitivity pro-

duced by the injection of the proteins alone is not as
lasting as tha.t seen clinically, and, therefore, it is
probable that a combination of proteins and other elements is the cause of this type of hypersensitivity.
Since only isolated elements have been used expP-riment~
ally, the true tuberculin hypersensitive state has not
been produced.
Rich, (1944), states several factors which
seem to indicate that this process of sensitization is
a specific one and also that a specific antigen is responsible for the production of tuberculin hypersensitivity.
(1).

The facto~s are as follows:
There exists a high degree of specificity

of the tuberculin hypersensitive phenomenon.
{2).

There is an anamnestic !'ea.ct ion present.

(3).

The rat exhibits the same refractory

1$.
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type of reaction for all forms of hypersensitivity.

(4).

There is a specific desensitization

process for this phenomenon.

(5).

Any procedure known to increase the anti-

body production also increases the sensitivity
of the animal.

At present this specific anti-

gen seems to be a comolex tuberculoprotein seen
only in the intact bacillus and destroyed by
the present methods of fractionation and
isolation.
The exact mechanism of the production of the
state of hypersensitivity in a tuberculous animal has
not ·been worked out.

At present we have at best only

a working hypothesis which has been arrived at by compiling the observations of many men.
are both clinical and experimental.

These observations
Rich, (1944),

states that no antibody is found free in the blood
stream of animals known to be hypersensitive to tuberculoprotein.

This observation is substantiated by that

of Steinboch, (1935), who observed that a tuberculin
skin reaction has never beenreported in the newborn
child of a tuberculous mother.

Sewall and Duffner, (1936),
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seemed to have evidence that showed that the tissue near
the site of a tuberculous lesion was less sensitive to
tuberculoprotein than were the other tissues of the body,
but Stewart, (1925), during careful experimentation upon
guinea pigs observed that the tissue near the site of injection became sensitive to tuberculoprotein more quickly
than other tissues of the body and remained more sensitive over a longer period of time.

Further experimenta-

tion by Rich and Lewis, · (1932), proved that when hypersensitive cells were exposed in vitro to tuberculoprotein, they were killed by concentrations far weaker than
those required to kill normal cells.

All of these ob-

servations and experiments point to the fact that tuberculin hypersensitivity ls a cellular phenomenon not connected with a free antibody.
With the above evidence in mind, a working
hypothesis may be advanced.

The cells of the body liber-

ate an enzyme which, when in contact with tuberculoprotein, produces an irritant substance which is circulated
by the blood over the entire body.

There are, at ore-

sent, three theories concerning the liberation of tuber-

culoprotein:
protein.

(2).

(1). The bacilli liberate the tuberculoThe tuberculoprotein ls close enough to

the surface of the bacilli to nroduce the reaction from
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living bacilli.

(3). The bacteria must be dead and dis-

integrating in order to release the tuberculoprotein.
(Rich, 1944).
The outstanding characteristic of every reaction of the tuberculin type is the delay in the appearance of evidence of this form of hypersensitivity.

There

is a definite period of eighteen to t~enty-four hours
lag between the injection of tuberculoprotein and the
macroscopic signs of a reaction.

This phenomenon of de-

layed reaction is also seen in cells in vitro.

A

period

of lag occurs-between the introduction of tuberculoprotein in lethal concentration and the death of the hypersensitive cells.

During this period the cells move

about in the solution and are apparently not affected
by the tuberculoprotein concentration.

This leads to

the conclusion that the delay is due to the reaction between the sensitized cells and the tuberculoprotein
causing the slowly progressive destruction of the cells
rather than to an antigen~antibody reaction.

This hypo-

thesis, if correct, is undoubtedly the cause of the delay in the apoearance of a reaction to tuberculoprotein
in the form of old tuberculin or the purified protein
derivative used in the skin test for hypersensitivity.
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Focal reactions are seen frequently in the
laboratory and clinically, and are the result of absorption of tuberculoprotein either from a new lesion or
from the purposeful or accidental subcutaneous injection
of old tuberculin or the purified protein derivative.
The mechanism of this reaction is at present based on
three unproved premises, which are:

(1) The tissue im-

mediately surrounding the lesion is highly sensitive to
tuberculoprotein;

(2) The tuberculoprotein elicits re-

actions in these hypersensitive areas when it reaches
the blood stream from the sources mentioned;(It is assumed for purposes of discussion that the tuberculoprotein reaches all parts of the body in equal concentration); and (3) The capillaries of an inflamed area
collect more foreign substances and allow their passage
to the surrounding tissue with greater ease than do the
normal capillaries, (Rich 1944).

Premises number two

and three seem to be supported by evidence derived from
Menkin 1 s experiments in 1931.

He found that colloidal

dyes, metallic salts, particulate matter, bacteria and
foreign proteins reach a higher concentration in the
tissues and capillaries of inflamed areas than at any
other point in the body.

The focal reaction is, there-

22.
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fore, merely the same reaction as takes olace in the
skin test except on a larger scale with necrosis of the
tissues of the site.
Urbach and Goldburgh, (1942), raise the question of the focal reaction being a Schwartzman phenomenon,
and they have re.ported one case which seems to indicate
that this might be true.

They also state that this is

the first case of a Schwartzman phenomenon which was
elicited by a bacterial, (tuberculous), toxin, liberated
at the time of the excision of a lymph node which was
infected and necrotic.
Until more evidence is found concerning the
nature of the cause of focal reactions and the factors
which tend to produce them, two theories must be considered:

(1) A high degree of local sensitivity exists and

an increase in tuberculoprotein in this area sets off a
violent reaction in the sensitive tissue.

(2)

The en-

tire phenomenon is a Schwartzman reaction.
The systemic reaction is also produced by subcutaneous injections of old tuberculin or purified protein derivative.

Whether this is a reaction secondary

to the focal reaction or a type of its own is still a
matter of debate.

Those investigators who support

the
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theory that it is secondary to a focal reaction point
out that; (1) when focal lesions are of smnll size and
of no consequence clinically no systemic reaction CRn be
elicited, nor (2) can a fatal systemic reaction be
elicited by bacteria of low virulence, (Baldwin and
Gardener, 1927).

Against this point of view, the re-

ports of Boquet and Negre, (1923), Crawford (1923), and
Petroff and Stewart (1925), show that fatal systemic reactions can be produced in an animal who was sensitized
by the use of dead tubercle bacilli.

It has also been

observed that human beings, in whom no lesions could be
demonstrated, had systemic reactions produced by the inhalation of old tuberculin fumes, (Rich 1944).

Seibert,

(192S), has also produced both local and systemic reactions by the use of old tuberculin and purified protein
derivative in animals sensitized experimentally by the
use of these same tuberculoprotein preparations.
On the basis of the evidence reported, I do
not believe that the systemic reaction is secondary to
the focal reaction.

The presence or absence of a focal

lesion at the time of a systemic reaction is of no importance.

The best hypothesis by which to explain the

systemic reaction is the theory that the systemic reac-
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tion is a more generalized form of the local reactions
and is based upon the same mechanism of cellular tuberculoprotein reaction and resulting damage of a larger
number of cells of the body.
It has been stated in this paper that there is
a phenomenon referred to as desensitization which occurs
in tuberculin hypersensitivity as well as in the other
forms of allergy.

True desensitization is the diminu-

tion or abolition of the underlying bodily alterattons·
that are responsible for the hypersensitive state.
There are three methods of desensitization which consist
of:

(1) The ey..haustion or alteration of the antibody

responsible for the hypersensitive state;

(2) The in-

terference with the antigen antibody ~eaction associated
with the cells themselves; and (3) The alteration of the
reactivity of the sensitized tissue.

(Rich, 1944).

The means used to secure a desensitization of
the animal involved may be one of three:

(1)

A single

large, but sub-lethal dose of antigen may be given to
exhaust the reactive power of the body;

(2) Small

amounts of antigen may be given at intervals to secure
a buffering action on the antibodies, and thereby create
a tolerance to the antigen;

(3) Drugs such as adrenalin,
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ephedrine and the like may be used to alter the reactivity of the tissues involved.

(Rich 1944).

Steinboch, (1935), has observed that a tolerance to tuberculoprotein may be built up by the use of
small doses of old tuberculin or purified protein derivative injected into the sensitive body.

This, of course,

does not exhaust or abolish the hypersensitive state ,
but merely buffers the reaction so that tr:e body will
tolerate increasing doses of antigen.
Desensitization often occurs in the tuberculous patient and the mechanism of this phenomenon is
either one of two means or a combination of both methods.
Spontaneous desensitization occurs either by means of a
sudden large sub-lethal dose, (Pilcher 1930), such as
might occur when the disease process eroded a vessel
wall or a tuberculous lymph gland was removed, or by
the slow continued absorption of tuberculoprotein from
active lesions which would buffer the reaction of the
tissues.

Either of these methods would explain the

loss of the skin sensitivity reaction in morbid patients
who have many tuberculous lesions.

Hypersensitivity may

also be lost during waning infections .

This is the same

as removing the source of antigen and allowing natural
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body metabolism to destroy the antib:>dies.

Such a de-

sensitization occurs only after a long period of time.
(Calmette, 1927, Willis 192S, Boquet 1932.)
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Authorities agree and experimental work proves
that a hypersensitivity to tuberculoprotein is created
by the initial infection of the body by the tubercle
bacillus.

-

The exact relation this hypersensitive state

has to the progress of the original infection or to
following infections is, as yet, not clearly determined.
This question is closely associated with the resistance
of the body, which may be either a natural or acquired
immunity.

c.

A. Stewart, (1934), is of the opinion that

the initial or primary lesion is of no significance and
requires no special treatment.

It does, however, create

the state of hypersensitivity which may be very detrimental to the patient who is suffering from a reinfection
with the tubercle bacillus.

The same opinion is expres-

sed by Hancock, (1937), who states that the primary
lesion is usually benign and requires no treatment.

A

hypersensitive individual,who becomes reinfected either
from an exogenous or an endogenous source, requires
active treatment in the form of collapse therapy much
earlier than he would if he had not been sensitized to
tuberculoprotein.

Hancock also states that perifocal

reactions do not occur in the body which has not been
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sensitized and that the significance of the perifocal
reactions does not lie in the gross changes seen, but
in the evidence they offer that the change has occurred
in the tissues which we call allergy or hypersensitivity.
The severity of the reinfection depends to a
large extent upon the following five factors:
( 1) •

The dosage of bacteria upon reinfection.

( 2).

The virulence of the bacteria.

( 3).

The resistance of the body to reinfection.

( 4-).

The inherent capacity of the body to be ....
come hypersensitive.

(5).

The route of infection.

(Rich 194-4-).

These factors must be considered in giving the prognosis
of any case and also in determining the therapy to be
used.
The _effect of allergy on immunity has been and
still is a subject for much discussion.

This phase of

the question of hypersensitivity will be discussed only
briefly here, as this paper is not primarily concerned
with the factors governing the immunity to tuberculosis.
According to Steinboch, (1935), there are three views
regarding the relationship of hypersensitivity and immunity.

These views are: (1) Allergy favors immunity;
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(2) Allergy is independent of immunity; and (3) Allergy
1s detrimental to immunity.

These views will be consid-

ered singly in the following paragraphs.
The theory that allergy is favorable to immunity is supported by the observations of some investigators.

Civilized or uncivilized peoples who have never

had any contact with tuberculosis give negative reactions
to the injection of tuberculoprotein, but they often contract the disease in a severe form when they are exposed.
This would seem to indicate that a lack of hypersensitivity to the tuberculoproteins was associated with a
lack of resistance to the tubercle bac1llus in species
of animals susceptable to the disease, (Ste1nboch, 1935).
The work of Heimbeck, (1936), offerR evidence which
favors the theory under consideration.

In his experi-

ments he vaccinated one hundred thirty-six student
nurses, who were previously negative reactors, and obtained positive skin reactions.

He then selected thirty-

four tuberculin negative nurses, who were not vaccinated,
and used them as the control group.

The two groups were

followed for a period of years, and Heimbeck observed
that only three nurses of the vaccinated tuberculin
positive group contracted tuberculosis, while in the con-
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trol group fourteen cases of tuberculosis were discovered.
Brahdy repeated the ,..,ork of Heimbeck in 1941.

The group

of persons used was one of student nurses whose conditions of exposure to tuberculosis and conditions of living were the same.

Two thousand two hundred forty nurses

were observed, and of this group one thousand three hundred twenty were found to react to tuberculin, while
nine hundred twenty did not show any reaction to the
tuberculoprote1n.

Brahdy followed this group for three

years and found that thirty-four of the nine hundred
twenty nonreactors developed tuberculosis in some form.
The lesions found in this group included twenty-eight
cases of parenchymous lesions, and six cases of pleurisy
with effusion.

This is an incidence of

3.7%

infection.

The one thousand three hundred twenty tuberculin positive nurses showed an incidence of½% infection; six
cases of parenchymous lesions and one case of pleurisy
with effusion.

These observations seem to uphold the

idea that a hypersensitive state is favorable to a state
of immunity.
The theory that allergy is independent of
immunity has never held a very strong position.

Pons,

(1935), considered that the sensitization or immuni~ation

31.

SIGNIFICANCE
of the body was dependent upon the organism.

The organ-

isms of virulent disease which produced the most protein
were the most immunizing, while those that produced the
least protein were the most sensitizing.

There are

three thresholds of protein impregnation for each virulent organism.

According to Pons, these are:

(1) the

threshold of sensitization, (2) the threshold of immunization, and (3) the lethal th!'eshold.

The threshold

reached depends upon the amount of protein liberated by
the organism in the body.

Since tuberculoprotein is

liberated in very small amounts, Pons concluded that an
animal refractory to tuberculoprotein could never have
the disease because he believes tuberculosis to be the
reaction of the sensitized tissues and not the result of
bacterial action.

This threshold theory of Pons is not

well substantiated and, therefore, cannot be accepted
as fact.

In fact, efforts to prove allergy to be inde-

pendent of immunity have all ended in confusion with
evidence which was completely contradictory. (Steinboch,

1935).
The theory that allergy is detrimental to
immunity is supported by experimental evidence which
shows that when a large dose of tubercle bacilli is
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given to a hypersensitive animal thRt animal will succumb
in a few da~ to a generalized miliary tuberculosis.
The norm al animal, however, will survive for weeks
under the same conditions, (Stewart, Long,

1926).

&

Bradley,

Experiments conducted on animals show that the

leucocytres of the hypersensitive animal are rapidly
killed by the injection of tuberculin, (Stewart, Long,
&

Bradley, 1926).

This was confirmed by experiments

conducted in vitro. (Rich

&

Lewis, 1932).

From experimentsehowing that an allergic reaction about the site of a tu~erculous lesion produces
acute exudative inflammation, rapid caseation, hyperemia,
and a rapid spread of the organisms, Selter, (1936),
concluded thRt the state of hypersensitivity was not a
protective mechanism, but a definite aid in the metastatic spread of the organism.

A local loss of immunity

to tuberculosis occurs at the site of injection of
tubercle bacilli, and this low grade of resistance persists in that area for three to four days following the
injection, (Krnuse and Willis, 1925).

The loss of re-

sistance locally is explained on the basis of cellular
death due to the contact with tuberculin to which the
cells of the area are subjected.

If this thoery can be
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more completely substantiated by further experimentation,
then this is the explanation for the rapid spread of reinfection dosages of bacteria.

Such evidence would seem

to prove that hypersensitivity to tuberculoprotein was a
definite handicap to the animal and that a positive skin
reaction is a thing of danger rather than one of protection.
This discussion has quite apparently led us
back to our starting point.

Does a hypersensitivity aid

or hinder the animal in its fight against tuberculosis?
Experimental evidence has been offered on both sides of
this question, but it still remains for the individual
physician to weigh the results and govern his actions
according to his own beliefs.

Personally, I believe

that the evidence against the hypersensitive state as a
protective factor is much stronger than that for it, and
that a negative tuberculin reaction gives a patient a
better chance to avoid a tuberculous infection than does
the positive reaction.
Slight attention has been paid to the practical
value and use of the hypersensitive state in the diagnosis and treatment of the tuberculous patient.

The

greatest field of practical application lies in the use
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of the skin test for diagnosis.

The technique of this

test has been described earlier, but the significance
of this test was not discussed.
Skin tests are of value at all ages, and
should be employed in every case in which they are indicated.

The physician using these skin tests should bear

in mind that there are many factors which will alter the
response of the body.

Some of these factors are inter-

'

current infections, such as measles, mumps, whooping
cough, diptheria, etc., (Pilcher, 1930),

altered vaso-

motor response and the physiologic state of the patient.
The negative response of the patient- to the skin test
properly conducted is an aid in ruling out a tuberculous
infection.

There are, of course, exceptions to this

rule, which include those patients who have not yet
entered the hypersensitive state and those who have become desensitized during the course of the disease process.

Variations in the reactivity of the skin may be

checked by the use of nonspecific, but irritating con~
trol injections.

A positive skin test, on the other

hand, is valuable only in children and young adults who
have been known negative reactors previously.

1944, Steinbach 1935, Egli 1943).

(Rich
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Egli developed and used a test which he termed
the

11

temperature test 11 •

This test is done under con-

trolled conditions and the patient must be in · the hospital; the temperature curve of the patient under controlJed conditions is studied for eight days prior to the
actual test.

When a normal curve has been determined,

the patient is maintained under the same conditions which
nrevailed during the time the normal curve was determined, he is given a subcutaneous injection of tuberculoprotein, again determining his temperature curve.

An

elevation of the temperature is considered a positive
test.

From a series of cases Egli was able to draw the

following conclusions:
(1).

Patients with a definitely active tubercu-

lous process present a positive temperature test.
(2).

Patients with an inRctive tuberculous

lesion do not present the positive test.

(3).

Patients who do not have tuberculosis pre-

sent a negative temperature test.
In a series of forty patients, the accuracy of this
method was proven in 90% of cases where a decision had
to be made.

This work opens the way for the future use

of tuberculin tests in the diagnosis of active cases of
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tuberculosis.

At present this. work is still in the ex-

~erimental stage and has no value for the practising
physician.
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CONCLUSIONS
1.

There are four main types of hypersensitive states
which may be seen in the body.

Each has character-

istics which distinguish it from the other forms.
2.

The tuberculin type of hypersensitivity is characterized by the complexity of its sensitizing agent,
the delay in reactions, and the three types of reaction to tuberculoprotein.

These are: the skin

reaction, the perifocal reaction, and the systemic
reaction.

3.

The skin reaction is the index of the state of
hypersensitivity and is of value in the diagnosis
of the presence of the disease.

4.

The perifocal reaction is probably the main factor
in the rapid spread of the bacilli which constitute
the reinfection dosage.

5.

The systemic reaction is characterized by the same
symptoms as are presented by the tuberculous patient
and a recurrence of systemic reactions may be the
basis for the patient's symptoms.

6.

The relationship of hypersensitivity and immunity
in tuberculosis 1s a matter which requires fµrther
study and, therefore, no statements can be made concerning this relation.
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7.

The practical use of the phenomenon of hypersensitivity lies in the skin test.

Advances are being

made in its use in relation to the determination
of the presence of active tuberculous lesions.
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